OBJECTIVES The aim of this study was to determine the effects of an acute myocardial infarction (AMI) on baseline and hyperemic flow in both culprit and nonculprit arteries.
In intermediate stenoses, revascularization should be guided by the fractional flow reserve (FFR) (7) .
Because FFR measurements are influenced by microvascular behavior (9), knowledge of the changes in flow during AMI in noninfarct-related arteries could be helpful to better interpret the intracoronary hemodynamic measurements in the acute phase.
In addition, studies aiming to improve outcomes after STEMI have recently received much attention for reducing microvascular injury (2, 3) . Many of these studies were conducted in animal models of reperfused AMI. It remains unclear to what extent these experimental models resemble the coronary and systemic hemodynamics in patients experiencing STEMI. In particular, it is unclear how these measurements relate to the final infarct size.
The primary objective of the present study was to investigate the changes in coronary blood flow before 
In the ambulance, all patients received 5,000 IE heparin intravenously, 500 mg acetylsalicylic acid intravenously, and 60 mg prasugrel orally along with 1.75 mg/kg/h bivalirudin during the PCI procedure.
Immediately after primary PCI, intracoronary Doppler flow velocity measurements were obtained in both the culprit artery and an angiographically unobstructed nonculprit artery supplying noninfarcted myocardium. After the procedure, standard maintenance medication was prescribed. Corrected Thrombolysis In Myocardial Infarction frame count immediately after primary PCI and ST-segment resolution at 1 h after primary PCI were analyzed as previously described (13, 14) . Because acquiring highquality Doppler flow velocity measurements is challenging in the acute setting, the 40 measurements with the highest quality were selected from the 60 patients enrolled in the PREDICT-MVO study before data analysis. Cardiac MRI was performed between 4 and 6 days after PCI using a 1.5-T MR-scanner (Magnetom Avanto, Siemens, Erlangen, Germany).
Cardiac MRI defined IS%LV; left ventricular enddiastolic and end-systolic volumes, left ventricular ejection fraction, and the presence of microvascular injury were determined using cine and late gadolinium enhancement imaging, as previously described 
RESULTS

STEMI AND CONTROL PATIENT CHARACTERISTICS.
Baseline variables of the STEMI patients and the matched control patients are shown in Table 1 . Of the 40 STEMI patients included, 31 were male (78%) with a mean AE SD age of 59.3 AE 9.4 years. In control patients, 33 were male (83%) with a mean AE SD age of 58.0 AE 8.8
years. No significant differences were observed between any of the baseline variables for which matching
Changes in CFR and Its Components After AMI was applied. Scar tissue was 23.6 AE 18.8 g on average, whereas IS%LV was 17.5 AE 12.4%.
CHANGES IN CORONARY FLOW AND CFR IN THE
CULPRIT ARTERY. In STEMI patients, mean b-APV was 32% higher in STEMI patients compared with nonoccluded control vessels in propensity scorematched stable patients (21.2 AE 11.7 vs. 16.1 AE 6.3 cm/s, respectively; p ¼ 0.009). The mean h-APV was significantly lower by 6.6 cm/s (18%) in STEMI patients compared with control subjects (42.5 AE 13.0 vs. 35.9 AE 18.3 cm/s, respectively; p ¼ 0.03).
CFR is calculated using both b-APV and h-APV, and the increased b-APV together with the trend toward a lower h-APV resulted in a significant decrease in CFR in both patients and swine. In the culprit artery, CFR was 36% lower compared with stable controls (1.8 AE 0.9 vs. 2.7 AE 0.7, respectively; p < 0.001). CHARACTERISTICS OF THE PORCINE MODEL. Swine had an age ranging between 11 and 14 weeks with a weight ranging between 27 and 40 kg. In 2 pigs, ventricular fibrillation occurred during AMI, which was successfully terminated by cardiac defibrillation and administration of amiodarone. After swift restoration of sinus rhythm, the remaining study procedures were carried out as described in the protocol. Before AMI, the mean heart rate was 65 AE 10 beats/min, which increased to 87 AE 24 beat/min after AMI (p ¼ 0.02). Coronary flow reserve (A), b-APV (B), and h-APV (C) according to culprit artery (yellow), unobstructed nonculprit artery (orange), and propensity score-matched control patients (blue). Although significant differences in coronary flow reserve and its individual components were found between the culprit or nonculprit artery and the control situation, differences were less pronounced between the culprit and the nonculprit artery. The boxes shows the median and first and third quartiles with whiskers as the 10th through 90th percentiles and þ as the population mean. b-APV ¼ baseline average peak velocity; h-APV ¼ hyperemic average peak velocity; STEMI ¼ STsegment elevation myocardial infarction.
DISCUSSION
In the present study, we investigated changes in myocardial blood flow in successfully reperfused AMI by using paired observations in patients with STEMI and a matched control cohort, as well as an experimental porcine model of reperfused AMI. Our findings are as follows. 1) A reduction in CFR is observed after AMI both because of an increase in b-APV and a decrease in h-APV. 2) CFR is significantly AMI ¼ acute myocardial infarction; b-APV ¼ baseline average peak velocity; CFR ¼ coronary flow reserve; h-APV ¼ hyperemic average peak velocity. Values are mean AE SD.
Abbreviations as in Tables 1 and 2 . Values are mean AE SD or n (%). The development over time of plasma endothelin-1 (A) and plasma renin activity (as a marker of renin-angiotensin-aldosterone system activation) (B) in swine is shown. Error bars represent the SEM. *The difference is significant (p < 0.05) compared with pre-AMI. AMI ¼ acute myocardial infarction. CFR in an unobstructed nonculprit coronary artery was significantly lower than CFR in propensity scorematched control patients. This implies that microcirculatory function in a nonculprit artery does not accurately reflect the microcirculatory status before AMI. Studies have shown that alterations of microvascular tonus and structure after AMI extend to noninfarcted territory. We find that CFR after AMI in the nonculprit artery was also decreased and significantly related to IS%LV. In the acute phase, increased left ventricular filling pressures, compensatory hyperkinesis of remote areas takes place (24) , and neurohumoral activation causes global coronary arteriolar vasoconstriction (25) , which might explain the decreased CFR in nonculprit arteries. In the chronic phase, altered neurohumoral activation persists (26) , and ventricular remodeling of infarcted as well as noninfarcted myocardium occurs (27) . In 1994, Uren et al. (23) already noted that CFR in remote, noninfarcted regions was lower than in healthy control subjects and did not fully recover over time.
CK-MB
However, due to the design of that study, it was not clear whether this could be attributed to pre-existing impairment of microvascular function or to the neurohumoral and structural changes from the myocardial infarction itself. In the present study, we studied CFR after AMI, but used patients with a comparable risk profile for microcirculatory dysfunction for comparison with the STEMI patients instead 
WHAT IS NEXT?
The results of our study confirm that microcirculatory impairment as determined by CFR predicts adverse outcome and indicates that the porcine model is a useful way to study microcirculatory dysfunction after AMI. 
